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1
POWER SEMICONDUCTOR MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of Korean Patent
Application No. 10-2012-0155293 filed on Dec. 27, 2012, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a power semiconductor
module and, more particularly, to a power semiconductor
module in which power semiconductor elements, integration
of which may be difficult due to heating, are modularized.

2. Description of the Related Art

Recently, market demand for portable electromagnetic
products has sharply increased, and in order to meet this
demand, electronic components mounted in systems thereof
are required to be smaller and more lightweight.

Thus, besides methods for reducing sizes of electronic
elements, a method of installing as many elements and con-
ductive wires as possible within a predetermined space is an
important issue in designing a semiconductor package.

Meanwhile, in the case of a power semiconductor element,
a large amount of heat is generated when it is driven. High
heat may affect a lifespan and operational stability of an
electronic product, so thus, heat dissipation of the package is
also a critical issue.

To this end, a related art power semiconductor module has
a structure in which power elements and control elements are
commonly mounted on one surface of a circuit board and a
heat dissipation plate for dissipating heat is disposed on the
other surface thereof.

However, the related art power semiconductor package has
the following problems.

First, according to the tendency for compact packages, a
number of semiconductor elements disposed in the equal
space may be relatively increased, generating a large amount
of'heat, and in this case, since a heat dissipation plate is only
disposed below the package, a failure of effective heat dissi-
pation results.

In addition, in order to configure a high capacity power
semiconductor module, several power semiconductor ele-
ments are connected in parallel so as to be used. However,
parallel-connected elements, in spite of having an advantage
in accommodating a high capacity current, are disadvanta-
geous in that, due to an imbalance in heating of the respective
power semiconductor elements, and the like, the elements are
extremely limitedly disposed and only an extremely limited
number of elements may be connected in parallel so as to be
used.

Also, since the respective elements have different levels of
electrical resistance according to dispositions thereof, differ-
ent amounts of heat may be generated thereby, and such a
heating imbalance may result in a degradation of reliability
and defective operating of a particular element.

RELATED ART DOCUMENT

(Patent document 1) Korean Patent Laid Open Publication
No. 1998-0043254

SUMMARY OF THE INVENTION

An aspect of the present invention provides a power semi-
conductor module having excellent heat dissipation charac-
teristics.
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Another aspect of the present invention provides a power
semiconductor module in which semiconductor elements are
asymmetrically disposed.

According to an aspect of the present invention, there is
provided a power semiconductor module including: a heat
dissipation substrate electrically connected to a common con-
nection terminal; and a plurality of electronic elements dis-
posed on the heat dissipation substrate, wherein the electronic
elements have varying spaces therebetween.

The electronic elements may be disposed such that spaces
therebetween are increased in width in a direction closer to
the common connection terminal.

The power semiconductor module may further include: a
base substrate; at least one circuit board disposed on the base
substrate; and a plurality of external connection terminals
attached to the circuit board, wherein the heat dissipation
substrate is disposed on the circuit board and the electronic
elements are electrically connected to the common connec-
tion terminal through the heat dissipation substrate and the
circuit board.

The circuit board may include a first circuit board to which
a gate terminal is attached, a second circuit board to which an
emitter terminal is attached, and a third circuit board to which
the common connection terminal is attached.

The electronic elements may be electrically connected to
the first and third circuit boards through bonding wires.

The power semiconductor module may further include: a
support substrate disposed below the base substrate and dis-
sipating heat transmitted from the base substrate outwardly.

The common connection terminal may be a collector ter-
minal, and the external connection terminal may include a
gate terminal and an emitter terminal.

The electronic elements may be classified as first, second,
third, and fourth electronic elements according to an order in
which the electronic elements are disposed to be adjacent to
the common connection terminal, and intervals X, X,, and
X, between the electronic elements may satisfy Equation 1
shown below:

0.8d>X,+Xo+X3>0.4d [Equation 1]

Here, d is an overall length of the heat dissipation substrate
50, X, is a space between the first electronic element and the
second electronic element, X, is a space between the second
electronic element and the third electronic element, and X is
a space between the third electronic element and the fourth
electronic element.

X5 X,, and X; may satisfy Equation 2 shown below:

X>X>X5 [Equation 2]

X, and X, may satisfy Equation 3 and Equation 4 shown
below.

Xy=(1.5~3)X,=(1.5~15)X; [Equation 3]

Xo=(1.0~5)X, [Equation 4]

The heat dissipation substrate may have different thick-
nesses according to positions of the electronic elements.

The heat dissipation substrate may have reduced thick-
nesses in a direction away from the common connection
terminal.

The heat dissipation substrate may have steps formed
according to positions of the electronic elements.

The electronic elements may be classified as first, second,
third, and fourth electronic elements according to an order in
which the electronic elements are disposed to be adjacent to
the common connection terminal, and intervals X', X',, and
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X', between the electronic elements may satisfy Equation 5
through Equation 7 shown below:

H=X'yX'3)H; [Equation 5]
Hy=(X"y/X")H, [Equation 6]
H,=(X"YX')H, [Equation 7]

Here, H, is a height of the heat dissipation substrate at
which the first electronic element is disposed, H, is a height of
the heat dissipation substrate at which the second electronic
element is disposed, H, is a height of the heat dissipation
substrate at which the third electronic element is disposed, H,
is a height of the heat dissipation substrate at which the fourth
electronic element is disposed, X', is a distance of the mount-
ing surface of the heat dissipation substrate at which the first
electronic device is disposed, X', is a distance of the mounting
surface of the heat dissipation substrate at which the second
electronic device is disposed, X', is a distance of a mounting
surface of the heat dissipation substrate at which the third
electronic element is disposed, and X', is a distance of a
mounting surface of the heat dissipation substrate at which
the fourth electronic element is disposed.

According to another aspect of the present invention, there
is provided a power semiconductor module including: a com-
mon connection terminal; and a plurality of electronic ele-
ments disposed in a row from the common connection termi-
nal and electrically connected to the common connection
terminal, wherein the electronic elements are disposed such
that spaces therebetween are reduced in a direction away from
the common connection terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
of'the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a perspective view schematically illustrating a
power semiconductor module according to an embodiment of
the present invention;

FIG. 2 is a plan view of the power semiconductor module
of FIG. 1;

FIG. 3 is a cross-sectional view taken along line A-A of
FIG. 2;

FIG. 4 is a graph showing temperatures measured accord-
ing to a change in spaces between electronic elements in the
power semiconductor module of FIG. 1;

FIG. 5 is a graph showing measured temperatures of elec-
tronic elements according to an embodiment of the present
invention;

FIG. 6 is a cross-sectional view schematically illustrating a
power semiconductor module according to another embodi-
ment of the present invention; and

FIG. 7 is a perspective view schematically illustrating an
integrated power semiconductor module according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Embodiments of the present invention will now be
described in detail with reference to the accompanying draw-
ings. The invention may, however, be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
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and complete, and will fully convey the scope of the invention
to those skilled in the art. In the drawings, the shapes and
dimensions of elements may be exaggerated for clarity, and
the same reference numerals will be used throughout to des-
ignate the same or like components.

FIG. 1 is a perspective view schematically illustrating a
power semiconductor module according to an embodiment of
the present invention. FIG. 2 is a plan view of the power
semiconductor module of FIG. 1. FIG. 3 is a cross-sectional
view taken along line A-A of FIG. 2.

Referring to FIGS. 1 through 3, a power semiconductor
module 100 according to the present embodiment may
include an electronic element 10, an external connection ter-
minal 20, a circuit board 70, a base substrate 60, and a heat
dissipation substrate 50.

The electronic element 10 may include various elements
such as a passive element, an active element, and the like. In
particular, the electronic element 10 according to an embodi-
ment of the present invention may include a power MOSFET,
a bipolar junction transistor (BJT), an insulated-gate bipolar
transistor (IGBT), a diode, or a combination thereof. Namely,
in the present embodiment, the electronic element 10 may be
a power semiconductor package including all or some of the
foregoing elements. However, the present invention is not
limited thereto.

Also, the electronic element 10 according to the present
embodiment may include a plurality of electrodes formed
therein. In detail, the electronic element 10 may include a gate
electrode and an emitter electrode formed on one surface
thereof and a collector electrode formed on the other surface
thereof.

A plurality of electronic elements 10 may be disposed in a
row on a heat dissipation substrate.

A plurality of external connection terminals 20 are pro-
vided, all of which may be formed by bending metal plates.
Thus, the external connection terminals 20 according to the
present embodiment may be electrically connected to the
respective electronic elements 10 through the circuit boards
70.

The external connection terminals 20 according to the
present embodiment may include first and second connection
terminals 20a and 2056 as individual connection terminals,
and a common connection terminal 20¢. Here, the first con-
nection terminal 20a may be a gate connection terminal 20a
connected to the gate electrode of the electronic element 10,
the second connection terminal 205 may be an emitter con-
nection terminal 205 connected to the emitter electrode of the
electronic element 10.

Also, the common ¢ connection terminal 20c may be a
collector connection terminal 20¢ connected to the collector
electrode of the electronic element 10.

The external connection terminals 20 may be electrically
connected to the respective electrodes of the electronic ele-
ments 10 through the circuit boards 70. In detail, the first
connection terminal 20a may be electrically connected to the
gate electrode of the electronic element 10 through the first
circuit board 70a and a bonding wire 90.

Also, the second connection terminal 205 may be con-
nected to the emitter electrode of the electronic element 10
through the second circuit board 705 and the bonding wire 90.

The common connection terminal 20¢ may be connected to
the collector electrode of the electronic element 10 through
the third circuit board 70c¢ and the heat dissipation substrate.

Here, the circuit boards 70 as general insulating boards
may be, for example, printed circuit boards (PCBs), ceramic
substrates, pre-molded substrates, direct bonded copper sub-
strates, or insulated metal substrates (IMSs)
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Wiring patterns (not shown) may be formed on the respec-
tive circuit boards 70. The bonding wires 90 and the external
connection terminals 20 may be attached to the wiring pat-
terns so as to be electrically connected to one another.

The bonding wires 90 may be made of metal, and in this
case, for example, aluminum (Al), gold (Au), or alloys
thereof may be used. Also, in order to join the bonding wires
90 to the electronic elements 10 and the wiring patterns of the
circuit boards 70, the electronic elements 10 and the wiring
patterns may have a connection portion such as a general
connection pad, or the like, respectively.

The base substrate 60 is a substrate supporting the power
semiconductor module 100 according to the present embodi-
ment overall. Thus, the power semiconductor module 100
according to the present embodiment may be formed by lami-
nating the circuit boards 70, the heat dissipation substrate 50,
and the like, on the base substrate 60.

The base substrate 60 may be formed as a general insulat-
ing substrate. For example, the base substrate 60 may be a
printed circuit board (PCB), a ceramic substrate, a pre-
molded substrate, a directed bonded copper (DBC) substrate,
or an insulated metal substrate (IMS).

The heat dissipation substrate 50 may be disposed on the
third circuit board 70c¢ to which the common connection
terminal 20c is attached. In order to effectively dissipate heat
outwardly, the heat dissipation substrate 50 may be made of a
metal. Here, as a material for forming the heat dissipation
substrate 50, aluminum (Al) or an aluminum alloy which is
readily available at relatively low cost and has excellent heat
conduction characteristics. However, the present invention is
not limited thereto and any other metals having excellent heat
conduction characteristics may also be used.

Also, a plurality of electronic elements 10 are disposed on
the heat dissipation substrate 50. The electronic elements 10
may be disposed to be spaced apart on an upper surface of the
heat dissipation substrate 50, and may be electrically con-
nected to the third circuit board 70¢ by the medium of the heat
dissipation substrate 50.

In particular, in the power semiconductor module 100
according to an embodiment of the present invention, the
electronic elements 10 are disposed to be spaced apart at
varying intervals on the heat dissipation substrate 50.

In detail, the electronic elements 10 of the power semicon-
ductor module 100 are disposed such that spaces therebe-
tween are increased in width in a direction closer to the
common connection terminal 20c¢ and the spaces therebe-
tween are decreased in width in a direction away from the
common connection terminal 20c.

This configuration is provided to effectively dissipate heat
generated by the respective electronic elements 10, and it will
be described as follows.

As illustrated in FIG. 3, when a plurality of electronic
elements 10 are disposed in a row in the single power semi-
conductor module 100, paths between the respective elec-
tronic elements 10 and the common connection terminal 20¢
are shared by all the electronic elements 10.

Also, due to such a structure, the path between the common
connection terminal 20¢ and the electronic element 10a (i.e.,
the first electronic element) disposed to be closest to the
common connection terminal may be used as a common path
used by all the other electronic elements 10 together. Thus, a
relatively large current may flow in the path between the
common connection terminal 20c and the electronic element
10a, relative to the paths of the other electronic elements 10,
and thus, a greater amount of heat than those of the other
electronic elements may be generated in the path.
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When heat generation is increased, resistance of the corre-
sponding path is increased, and such an increase in the resis-
tance acts as a factor increasing heat generation, bringing
about a negative feedback effect in which temperature con-
tinues to rise.

In addition, since heat generated by the electronic elements
10 is continuously increased, heat having a relatively high
temperature is continuously supplied to the common path
between the common connection terminal 20c and the first
electronic element 10a.

As mentioned, the generation of heat having a high tem-
perature in the common path may increase resistance of the
common path to degrade performance and reliability of even
the other electronic elements distant from the common con-
nection terminal 20c¢, as well as that of the first electronic
element 10a.

Also, as resistance and heat generation are increased, a
junction temperature in the vicinity of the first electronic
element 10q is high relative to the other portions on the heat
dissipation substrate 50. Thus, it is difficult to effectively
dissipate heat. Namely, since heat is concentrated in a par-
ticular portion, rather than being dissipated through the
entirety of the heat dissipation substrate 50, a heat dissipation
effect is degraded.

In addition, in terms of the overall power semiconductor
module 100, when an overall temperature of the power semi-
conductor module 100 is increased, resistance of the overall
module is increased, accelerating the foregoing phenomenon.

Thus, in order to solve the problem, the power semicon-
ductor module 100 according to the present embodiment is
configured such that spaces between the electronic elements
10 are increased in width in a direction closer to the common
connection terminal 20c.

Namely, in order to evenly distribute heat generated from
between the electronic element 10 and the common connec-
tion terminal 20¢, namely, between the third circuit board 70¢
and the heat dissipation substrate 50, at the maximum level,
the electronic elements 10 disposed to be close to the common
connection terminal 20c are configured to secure a maximum
peripheral space. Namely, the distances between the elec-
tronic elements 10 are narrowed as the electronic elements 10
are disposed to be distant from the common connection ter-
minal 20c.

Through such a configuration, a heat dissipation effect of
the power semiconductor module 100 having the same ele-
ments and the same size can be maximized.

Meanwhile, the heat dissipation effect may be better as the
spaces between the electronic elements 10 are increased, but
in this case, the size of the power semiconductor module 100
may be increased. Thus, the present invention proposes a
structure whereby the size of the power semiconductor mod-
ule 100 is minimized and a maximum heat dissipation effect
is obtained.

FIG. 4 is a graph showing temperatures measured accord-
ing to a change in distances between electronic elements in
the power semiconductor module of FIG. 1.

Referring to FIGS. 1 and 4, it can be seen that it is appro-
priate for the overall space (X,+X,+X;) between the elec-
tronic elements 10 to be set within the range 0f 0.8 to 0.4 over
the overall length of the heat dissipation substrate 50, as
shown in Equation 1 below.

0.8d>X,+Xo+X3>0.4d [Equation 1]

Here, d is the overall length of the heat dissipation substrate
50, X, is a space (or distance) between the first electronic
element 10a and the second electronic element 106, X, is a
space between the second electronic element 106 and the
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third electronic element 10c, and X; is a space between the
third electronic element 10¢ and the fourth electronic element
10d.

In a case in which the overall space (X, +X,+X;) is smaller
than 0.4 d, a critical temperature is exceeded although the
spaces are adjusted, making it difficult to obtain a heat dissi-
pation effect substantially. Also, in a case in which the overall
space (X, +X,+X;) is greater than 0.8 d, a remaining space is
very narrow, making it difficult to dispose the electronic ele-
ments 10 substantially.

Thus, preferably, the overall space (X, +X,+X;)is setto be
greater than 0.4 d and smaller than 0.8 d.

Also, relationships of X, X,, and X follow Equation 2 to
Equation 4 below.

X>X>X5 [Equation 2]
X=(1.5~3)X,=(1.5~15)X, [Equation 3]
Xo=(1.0~5)X, [Equation 4]

Equation 3 and Equation 4 are numerical values obtained
through iterative experiments, which were obtained based on
a configuration in which a length D of the third circuit board
70c¢ is 0.95 times a length D' of the base substrate 60 and a
length d of the heat dissipation substrate 50 is 0.95 times a
length D of the second circuit board 70.

FIG. 5 shows a graph obtained by measuring temperatures
of the power semiconductor module 100 according to the
present embodiment.

FIG. 5 is a graph showing measured temperatures of elec-
tronic elements according to an embodiment of the present
invention, in which temperature distributions in symmetric
arrangement and asymmetric arrangement of the electronic
elements 10 are illustrated. Here, the distance is a distance
from a portion in which the fourth electronic element 104 is
mounted, i.e., an end of the opposite side of the common
connection terminal 20¢, among both ends of the heat dissi-
pation substrate 50.

Referring to FIG. 5, when the electronic elements 10 were
disposed at equal intervals, it was measured that the tempera-
ture of the first electronic element 10a was increased to
approximately 106° C. However, when the electronic ele-
ments 10 were disposed at different intervals, it was measured
that the first electronic element 10a was increased to approxi-
mately 97° C. Namely, it can be seen that when the electronic
elements 10 have varying intervals as in the present embodi-
ment, the temperature of the first electronic element 10a can
be lowered by approximately 10% relative to the case in
which the electronic elements are disposed at equal intervals.

Also, it can be seen that when the electronic elements were
disposed at equal intervals, a temperature difference between
the first electronic element 10a and the fourth electronic
element 104 was measured to be approximately 20° C., but
when the electronic elements 10 were disposed at different
intervals, a temperature difference between the first elec-
tronic element 104 and the fourth electronic element 10d was
measured to be approximately 15° C., indicating that heat was
generated relatively evenly.

In addition, in the case of the disposition of the electronic
elements at equal intervals, the junction temperature tended
to be sharply increased, but in an embodiment of the present
invention, the junction temperature was measured to be
increased linearly relatively. Thus, advantageously, a lifespan
limit and degree of reliability of the power semiconductor
module 100 can be easily estimated.

According to the configuration, the first electronic element
10a disposed to be closest to the common connection termi-
nal 20¢ may dissipate heat through a large area (or volume) of
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the heat dissipation substrate 50, relative to the other elec-
tronic elements 10. Thus, a maximum heat dissipation effect,
while maintaining the size of the power semiconductor mod-
ule 100, can be obtained.

The power semiconductor module according to an embodi-
ment of the present invention is not limited to the foregoing
embodiment and may be variously modified as necessary.

FIG. 6 is a cross-sectional view schematically illustrating a
power semiconductor module according to another embodi-
ment of the present invention, taken along line A-A of FIG. 2.

A power semiconductor module 200 according to the
present embodiment is configured to be similar to the power
semiconductor module (100 of FIG. 1) as described above,
and is different only in a structure of the heat dissipation
substrate. Thus, a detailed description of the same configura-
tion as that of the foregoing embodiment will be omitted, and
the structure of the heat dissipation substrate will be largely
described.

In the power semiconductor module 200 according to the
present embodiment, the electronic elements 10 are formed at
different intervals and disposed at different heights.

In detail, the first electronic element 10a generating the
largest amount of heat is disposed in the highest position, and
the fourth electronic element 104 generating the smallest
amount of heat is disposed in the lowest position.

Here, the heights of the electronic elements 10 may be
determined by thicknesses of the heat dissipation substrate
50. Namely, a portion of the heat dissipation substrate 50 in
which the first electronic element 10a is disposed has the
largest thickness, and a portion of the heat dissipation sub-
strate 50 in which the fourth electronic element 104 is dis-
posed has the smallest thickness.

To this end, the heat dissipation substrate 50 according to
the present embodiment may have steps formed on an upper
surface thereof.

Accordingly, the heat dissipation substrate 50 is formed to
have a relatively large volume in a junction portion of the first
electronic element 10a in which a relatively large amount of
heat is generated, and the volume of the heat dissipation
substrate 50 may be gradually reduced toward the fourth
electronic element 10d.

Also, areas of mounting surfaces of the electronic elements
10 on the upper surfaces of the heat dissipation substrate 50
may be larger as the electronic elements 10 are closer to the
common connection terminal 20¢. Thus, due to the different
areas of the mounting surfaces of the heat dissipation sub-
strate 50 on which the electronic elements 10 are mounted,
the electronic elements 10 may be disposed at different inter-
vals therebetween.

Meanwhile, in the present embodiment, the heights (i.e.,
the heights of the heat dissipation substrate) at which the
respective electronic elements 10 are disposed may be calcu-
lated based on horizontal distances (lengths) of the respective
electronic elements. For example, the heights of the respec-
tive electronic elements 10 may be set through Equation 5 to
Equation 7 shown below.

H,=(X'yX'3)H; [Equation 5]

Here, H, is a height of the heat dissipation substrate 50 at
which the first electronic element 10 is disposed, H; is a
height of the heat dissipation substrate 50 at which the second
electronic element 105 is disposed, X', is a distance of the
mounting surface of the heat dissipation substrate 50 at which
the first electronic device 10a is disposed, and X', is a distance
of'the mounting surface of the heat dissipation substrate 50 at
which the second electronic device 105 is disposed.

Hy=(X"y/X")H, [Equation 6]
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Here, H, is a height of the heat dissipation substrate 50 at
which the third electronic element 10c is disposed, and X', is
a distance of a mounting surface of the heat dissipation sub-
strate 50 at which the third electronic element 10cis disposed.

H=(X“/X')H, [Equation 7]

Here, H, is a height of the heat dissipation substrate 50 at
which the fourth electronic element 104 is disposed, and X',
is a distance of a mounting surface of the heat dissipation
substrate 50 at which the fourth electronic element 104 is
disposed.

Equation 5 through Equation 7 are also numerical values
obtained through iterative experiments, which were obtained
based on a configuration in which a length D of the third
circuit board 70c¢ is 0.95 times a length D' of the base substrate
60 and a length d of the heat dissipation substrate 50 is 0.95
times a length D of the second circuit board 70.

Referring to Equation 5 through Equation 7, it can be seen
that the heights of the respective electronic elements 10 were
set to be proportional to the distances (or lengths) of the
electronic elements 10.

In the case in which the power semiconductor module 200
is configured as described above, the respective electronic
elements 10 are spaced apart from one another horizontally
and vertically, so they can be more separated. Thus, a higher
heat dissipation effect can be obtained.

In this manner, the power semiconductor module 200
according to an embodiment of the present invention may be
configured to have various forms as long as the electronic
elements can be disposed at different intervals.

Meanwhile, the present invention is not limited to the fore-
going configuration, and may be variously applicable. For
example, in the present embodiment, the intervals (or spaces)
between the electronic elements 10 are set based on both the
distances of the mounting surfaces of the electronic elements
10 and the heights of the heat dissipation substrate 50, but,
leaving the horizontal distances of the electronic elements 10
set to be equal, the distances between the electronic elements
10 may be set only based on heights of the heat dissipation
substrate 50.

The power semiconductor module 100 according to an
embodiment of the present invention may be used alone, or a
plurality of power semiconductor modules 100 may be com-
bined to be used as a single integrated module.

FIG. 7 is a perspective view schematically illustrating an
integrated power semiconductor module according to an
embodiment of the present invention.

Referring to FIG. 7, an integrated module 300 according to
the present embodiment may include a support substrate 80
onwhich a plurality of power semiconductor modules 100 are
mounted.

The plurality of power semiconductor modules 100 may be
disposed to be lined up. A base substrate 60 may be disposed
on the support substrate 80.

The support substrate 80 may be in surface-contact with the
base substrate 60 and outwardly dissipate heat transmitted
from the base substrate 60. Thus, heat transmitted from the
electronic elements 10 to the heat dissipation substrate 50 and
the base substrate 60 may be transmitted to the support sub-
strate 80 so as to be dissipated outwardly.

The support substrate 80 may be variously modified as long
as it can readily dissipate heat outwardly.

For example, the support substrate 80 may be configured as
a heat sink dissipating heat in the air. In this case, an outer
surface of the support substrate 80 may have a plurality of
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protuberances (e.g., heat dissipation fins), depressions and
protrusions, or the like, to increase a surface area in contact
with air.

Also, the support substrate 80 may be a watercooling type
cooling member in which a flow channel is formed and a
refrigerant flowing in the flow channel absorbs heat. Alterna-
tively, the support substrate 80 may be a heat dissipation
system employing these schemes in a complex manner.

The integrated semiconductor package module according
to the present embodiment is advantageous in that heat of
power semiconductor modules can be effectively dissipated
through the support substrate. Also, since a plurality of power
semiconductor modules are integrated to be used as a single
module, it can be easily manufactured and used. Also, capac-
ity of the module can be easily increased.

As described above, in the power semiconductor module,
the first electronic element disposed to be closest to the com-
mon connection terminal can dissipate heat through a large
area (or volume) of the heat dissipation substrate relative to
the other electronic elements. Thus, an optimal heat dissipa-
tion effect, while maintaining the size of the power semicon-
ductor module, can be obtained.

In addition, since the junction temperature of the first elec-
tronic element is reduced, a generation of a problem in a
particular electronic element due to imbalance in temperature
distribution can be minimized, and thus, long-term reliability
and performance of the module can be enhanced.

Meanwhile, the power semiconductor module according to
the present invention is not limited to the foregoing embodi-
ments and may be variously applicable. For example, in the
foregoing embodiments, four electronic elements are dis-
posed, but the present invention is not limited thereto.
Namely, three electronic elements or five or more electronic
elements may be disposed and may be variously applicable as
necessary.

Also, in the foregoing embodiments, the power semicon-
ductor module is described as an example, but the present
invention is not limited thereto and any electronic component
may be used as long as a plurality of electronic elements are
mounted together therein.

As set forth above, according to embodiments of the inven-
tion, in the power semiconductor module, the first electronic
element disposed to be closest to the common connection
terminal can dissipate heat through a large area (or volume) of
the heat dissipation substrate relative to the other electronic
elements. Thus, an optimum heat dissipation effect, while
maintaining the size of the power semiconductor module, can
be obtained.

In addition, since the junction temperature of the first elec-
tronic element is reduced, a generation of a problem in a
particular electronic element due to imbalance of a tempera-
ture distribution can be minimized, and thus, long-term reli-
ability and performance of the module can be enhanced.

While the present invention has been shown and described
in connection with the embodiments, it will be apparent to
those skilled in the art that modifications and variations can be
made without departing from the spirit and scope of the
invention as defined by the appended claims.

What is claimed is:

1. A power semiconductor module comprising:

a common connection terminal that is a collector terminal;

external connection terminals, including a gate connection

terminal and an emitter connection terminal;

a heat dissipation substrate electrically connected to the

common connection terminal; and

a plurality of electronic elements disposed on the heat

dissipation substrate, the electronic elements having
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varying spaces therebetween and being disposed such
that spaces therebetween are increased in width in a
direction closer to the common connection terminal.

2. The power semiconductor module of claim 1, further
comprising:

a base substrate;

at least one circuit board disposed on the base substrate,

wherein the heat dissipation substrate is disposed on the

circuit board and the electronic elements are electrically
connected to the common connection terminal through
the heat dissipation substrate and the circuit board.

3. The power semiconductor module of claim 2, wherein
the circuit board comprises a first circuit board to which the
gate connection terminal is attached, a second circuit board to
which the emitter connection terminal is attached, and a third
circuit board to which the common connection terminal is
attached.

4. The power semiconductor module of claim 3, wherein
the electronic elements are electrically connected to the first
and third circuit boards through bonding wires.

5. The power semiconductor module of claim 2, further
comprising: a support substrate disposed below the base sub-
strate and dissipating heat transmitted from the base substrate
outwardly.

6. A power semiconductor module comprising:

aheat dissipation substrate electrically connected to a com-

mon connection terminal; and

a plurality of electronic elements disposed on the heat

dissipation substrate, the plurality of electronic elements
having varying spaces therebetween,

wherein the electronic elements are classified as first, sec-

ond, third, and fourth electronic elements according to
an order in which the electronic elements are disposed to
be adjacent to the common connection terminal, and
intervals X, X,, and X, between the electronic elements
satisfy Equation 1 shown below:

0.84>X+X,+X;>0.4d [Equation 1]

wherein d is an overall length of the heat dissipation sub-
strate 50, X, is a space between the first electronic ele-
ment and the second electronic element, X, is a space
between the second electronic element and the third
electronic element, and X is a space between the third
electronic element and the fourth electronic element.

7. The power semiconductor module of claim 6, wherein

X, X,, and X satisfy Equation 2 shown below:
X, >Xo> X5 [Equation 2]

8. The power semiconductor module of claim 6, wherein

X, and X, satisfy Equation 3 and Equation 4 shown below:
X3=(1.5~3)X,=(1.5~15)X; [Equation 3]
Xo=(1.0~5)X,. [Equation 4]
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9. A power semiconductor module comprising:

a heat dissipation substrate electrically connected to a com-

mon connection terminal; and

a plurality of electronic elements disposed on the heat

dissipation substrate, the plurality of electronic elements
having varying spaces therebetween,

the heat dissipation substrate having different thicknesses

according to positions of the electronic elements.

10. The power semiconductor module of claim 9, wherein
the heat dissipation substrate has reduced thicknesses in a
direction away from the common connection terminal.

11. The power semiconductor module of claim 10, wherein
the heat dissipation substrate has steps formed according to
positions of the electronic elements.

12. The power semiconductor module of claim 11, wherein
the electronic elements are classified as first, second, third,
and fourth electronic elements according to an order in which
the electronic elements are disposed to be adjacent to the
common connection terminal, and intervals X';, X',, and X';
between the electronic elements satisfy Equation 5 through
Equation 7 shown below:

H,=(X'yX'3)H; [Equation 5]
Hy=(X"y/X")H, [Equation 6]
H=(X"/X')H, [Equation 7]

wherein H, is a height of the heat dissipation substrate at
which the first electronic element is disposed, H; is a
height of the heat dissipation substrate at which the
second electronic element is disposed, H, is a height of
the heat dissipation substrate at which the third elec-
tronic element is disposed, H; is a height of the heat
dissipation substrate at which the fourth electronic ele-
ment is disposed, X', is a distance of the mounting sur-
face of the heat dissipation substrate at which the first
electronic device is disposed, X'; is a distance of the
mounting surface of the heat dissipation substrate at
which the second electronic device is disposed, X', is a
distance of a mounting surface of the heat dissipation
substrate at which the third electronic element is dis-
posed, and X', is a distance of a mounting surface of the
heat dissipation substrate at which the fourth electronic
element is disposed.

13. A power semiconductor module comprising:

a common connection terminal that is a collector terminal;

a plurality of external connection terminals, including a
gate terminal and an emitter terminal; and

aplurality of power semiconductor packages disposed in a
row from the common connection terminal and electri-
cally connected to the common connection terminal, the
power semiconductor packages being disposed such that
spaces therebetween are reduced in a direction away
from the common connection terminal.

#* #* #* #* #*



